Among the most important parameters of a storage accelerator are the position and size of the particle beam. In an electron machine, these parameters can be derived from measurements of the emitted synchrotron radiation.
Introduction
In circular accelerators, synchrotron radiation is widely used to measure the position and cross-section of the beam. Synchrotron radiation (SR) is emitted tangentially to the arcs in the bending magnets with a small natural opening angle [1- 
where p is the bending radius of the magnet.
Limiting e reduces the depth of field but causes apparent widening of the source due to diffraction. The diffraction limit in this case is x X 6x sin0 (3) which is approximately equal to 0.9 FWM4 (full width half max.) of the central maximum of the diffraction pattern. Equating (2b) and (3) gives the optimum value of the observation angle In practice 0 will be determined by an aperture of width a = ke at a distance Z from the source. In the vertical direction this aperature should be matched to the natural opening angle of the radiation given in( 1).
The observed SR can be focused on a detector with an optical system which in the simplest form may consist of a single focusing lens. From the expression in (3), it is clear that the shortest wavelength in the spectrum consistent with the response of the detector should be used.
In some cases wavelength converters and intensifiers may be used to match the detector response to shorter wavelengths. In the design of the optical system, transmission characteristics of all elements including the vacuum window must be considered.
In the NSLS VUV ring, the size of the electron beam is on the order of 0.5 mm horizontally and 0.15 mm vertically, FWHM. The range of the beam motion in the horizontal and vertical planes can be as much as ±5 mm and ±3 mm, respectively. The spectrum of the synchrotron light ranges from the near UV through the visible, with Xc = 31A. The bending radius of the dipole magnet is 1.9 m. A vertical aperture of 6 mm at 0.4 m from the source determines the maximum opening angle of the system to be ±7.5 mrad.
while the natural opening angle at 400 nm ( for 90% of light collected) is only ±4.1 mrad.
At the moment, the vacuum cham'ber windows are not UV transmitting.
Photodiode detectors have been introduced at the NSLS for beam profile measurement several years ago. These detectors had good spatial resolution but very small apertures. Detectors described in this paper have equally good resolution but are longer and have a much larger aperture. The design of the optical system has been simplified and the resolution improved.
Cylindrical lenses have been introduced to match the size of the image space to the dimensions of the detector. An automatic scan control circuit has been developed to hold the peaks of the profiles constant over a wide range of beam intensity variation. *This work was perf ormed under the auspices of the U.S. Department of Energy. **Visiting scientist from Institute of High Energy Physics, Beijing, P.R. of China.
In this paper we discuss some of the resolution measurements of the optical system used in the monitor. We also present preliminary results of beam profile measurements at one of the VUV ring beam ports (U5). Since the dark current of the sensors at 25°C is on the order of 5 pA and the arrays can be read out at clock rates in excess of 1 MHz, a good signal to noise ratio can be obtained over a wide range of integration periods. The quartz-windowed version of the scanners has a responsivity of about 2.8 x 10-4 C/J/cm2 and a spectral response range from 250-1000 nm. A block diagram of the detector electronics is shown in Fig.2 . In the detector, the peak of the video output is held constant for slow variations of beam intensity by an automatic scan control loop which controls the clock frequency (output of VFC). The dynamic range of the loop is approximately 36 db and the bandwidth is 3 Hz.
Optics
In the VUV ring, two beam ports were available for observation of the synchrotron light. At U15 (side port), the distance from source to the outer surface of the vacuum window was 1.02 m and at U5 (vertical port), the distance was 1.94 m.
It was decided to use a single lens system with unity conjugate ratio for each case to minimize errors.
Two 50 mm symmetrical spherical lenses with focal lengths of 69 cm and 100 cm, respectively, were bench tested. For the case, where the D/f ratio is small, the error due to spherical aberration is small. In this case, the on-axis angular error, as given in Ref. 
Bench Measurements
The spatial resolution of the optical system was measured in the laboratory using narrow slits illuminated by a 150 W incandescent source. A variable circular aperture with a maximum diameter of 30 mm was placed in front of the spherical lens to measure the contribution Variations of the profile width as a function of aperture were measured both with and without the filter and are shown in Fig.5a . The width due to diffraction error of the circular aperture, which can be defined as
is also plotted in Fig.5a .
Assuming that all errors are gaussian distributed and independent, and that the spherical error is zero, the maximum chromatic error for this case can be determined to be For the case where the profile width approaches the resolution of the detector, as in Fig.4a , a of the distribution (assumed to be N(0,a)) can be determined from the ratio of signals generated by two adjacent sensor elements in the array. The signal developed by any given element, I, is proportional to the flux integral over the area, i.e. Sensitivity of the profile measurement to the movement of the beam in the transverse direction was checked by moving a slit axially with respect to the midplane of the detector. Results of this measurement, plotted in Fig. 5b , show that the system is insensitive to transverse motion over a ±6 mm range.
Beam Profile Measurements
At the U15 port, where a small part of the photon beam was deflected horizontally by two mirrors, beam observations were obscured by reflections from the edge (11)
